Vascular proliferations may arise in the breast following radiation treatment for a primary breast adenocarcinoma. A post-radiation vascular proliferation can usually be classified as angiosarcoma or as an atypical vascular lesion (AVL). Angiosarcomas with a "low-grade" morphology, behave aggressively but exhibit substantial histomorphologic overlap with AVLs, which have a generally benign clinical course. We present a case of a post-radiation angiosarcoma of the breast with histologic features that mimic an atypical vascular lesion and discuss this challenging differential diagnosis. In addition to histologic mimicry, the lesion exhibited only patchy amplification of the avian myelocytomatosis viral oncogene homolog (MYC) gene by present fluorescence in-situ hybridization (FISH), and patchy MYC overexpression by immunohistochemistry. These features further complicate the distinction between AVL and angiosarcoma, and would be particularly problematic on a small biopsy. We believe that the morphologic and immunohistochemical overlap between these entities is suggestive of a biologic spectrum, and thus that, at least in some instances, angiosarcoma may arise from a pre-existing AVL or AVL-like lesion.
Introduction
There have long been reports of vascular neoplasia arising in the female breast following therapy for a primary breast carcinoma. The earliest of these reports focused on chronic lymphedema-associated angiosarcoma-the so-called Stewart-Treves syndrome [1] . More recently, there have been numerous cases and series illustrating the clinicopathologic features of cutaneous angiosarcoma arising following breast-conserving surgery with adjuvant radiation therapy [2] [3] . Post-radiation vascular proliferations, however, are not limited to angiosarcoma. Beginning with the earliest description roughly 20 years ago, it was noted that a subset of post-radiation vascular proliferations had clinicopathologic features that were distinct from those of the typically aggressive angiosarcomas [4] . These were termed atypical vascular lesions (AVL). Since the initial reports, other case studies have borne out this observation, though the distinction between AVL and angiosarcoma remains a challenge due to significant overlap between the entities [5] - [7] . We present a case study that highlights the challenge of distinguishing between these entities on a morphologic basis. We believe that it also provides evidence for a biologic relationship between the two entities, and thus that, at least in some instances, angiosarcoma may arise from a pre-existing AVL or AVL-like lesion.
Case Presentation
A 73-year-old female presented with a new violaceous macular "rash" in the field of radiation treatment for a prior invasive ductal carcinoma of the left breast two years ago. The invasive ductal carcinoma was treated with breast conservative excision, sentinel lymph node biopsy, adjuvant chemotherapy and whole breast radiation. As a consequence of therapy she experienced mild lymphedema of the breast beginning shortly after radiation therapy, but was otherwise well. A punch biopsy of the lesion was obtained, and the initial diagnosis rendered at an outside institution was reported to be atypical vascular lesion. Subsequent MRI studies revealed skin thickening and enhancement adjacent to the location of the biopsy. She underwent an excision of the area surrounding the biopsy, which included both the visible rash and the area with abnormal MRI findings. On excision, the specimen was found to contain an atypical vascular proliferation involving the superficial and deep dermis with the same features as the biopsy, but also areas of multi-layered endothelium, mild to moderate nuclear atypia and increased mitotic activity. Due to the presence of these features, the tumor was diagnosed as angiosarcoma at the outside institution. Because of the incomplete excision, the patient was referred to our institution for a re-excision, and elected to undergo bilateral mastectomy with wound coverage using autologous free flap.
The excised specimen contained a healing scar and mild erythema, but lacked clearly identifiable cutaneous lesions suggestive of residual angiosarcoma (Figure 1) . The soft tissues deep to areas of scar exhibited fat necrosis and hemorrhage representing the prior excision site. The skin was sampled extensively, and similar vascular findings were identified diffusely throughout the breast skin, along an area measuring more than 10 cm in greatest dimension. The residual tumor was only appreciable under microscopic examination and consisted of Figure 1 . Mastectomy specimen. The scar from the prior excision is present, but no residual cutaneous lesion is grossly identifiable. scattered poorly defined areas of thin walled vessels, some angulated and some anastomosing, both within the superficial and deep dermis. The vessels in the superficial dermis were ectatic, and lined by a single layer of minimally atypical endothelial cells with condensed chromatin and no evident nucleoli (Figure 2 (A) and Figure (B)). They focally formed complex, anastomosing channels that surrounded adnexal structures and pilar muscles in a sinusoidal pattern, and formed small papillae lined by a single layer of endothelium (Figure 2(C) ). Deeper aspects of the lesion contained compressed, irregular slit-like vascular spaces, again lacking atypical cytologic features. In both the superficial and deep aspects, the vessels were accompanied by a lymphocyte-predominant mild inflammatory infiltrate. Extension into the subcutis was not seen. Nowhere in the extensively sampled excision were there overt features of malignancy in the form of marked atypia, multi-layering or solid growth or mitotic activity. An immunohistochemical stain for D240 was diffusely positive in the atypical vascular proliferation, and helped identify the extent of the dermal involvement (Figure 2(D) ). cMYC immunohistochemical stain showed focal strong positivity in the vessels directly adjacent to the prior excision (Figure 2(E) and Figure 2(F) ). In this location, MYC amplification was confirmed by fluorescence in situ hybridization in some of the cells with MYC nuclear reactivity but not all the lesional endothelial cells. The specimen margins were uninvolved by the atypical vascular proliferation. Except for the diffuse involvement of the skin and focal MYC amplification/expression, the morphologic features of the lesion in the excision were entirely within the histologic spectrum of AVL. After six months of follow-up, there is no evidence of recurrent or metastatic disease.
Discussion
There are a number of interesting and illustrative features of this case that warrant particular attention, and highlight the challenges posed in the identification and classification of low-grade vascular lesions, particularly in the post-radiation setting. The most critical distinction in this context is between a post-radiation atypical vascular lesion (AVL) and post-radiation angiosarcoma. Radiation-associated angiosarcomas occur with a median latency period of 5 -6 years after breast radiation, and have a poor prognosis, with aggressive local behavior and substantial metastatic potential [2] [8] . AVLs have a similar or slightly shorter latency period, varying from 3.5 -5.5 years, depending on the series, but with a greater fraction of cases presenting within 1 -2 years of therapy [4] [7]- [10] . Because of its generally benign clinical behavior, AVL may be excised more conservatively, whereas radiation-associated angiosarcoma may both recur locally and metastasize even following wide excision. Thus, distinguishing between these entities has important therapeutic implications. This challenge is compounded by the suggestion that, while most AVLs have a benign clinical course, some may undergo transformation into angiosarcoma [5] [7] . Currently, there is a lack of morphologic criteria to reliably predict which AVL may progress. Indeed, it is possible that they are not entirely discrete entities, but rather exist on a spectrum.
In the current case, the short interval between the original breast excision and the development of the lesion (~23 months) might lead one to favor AVL, which has a shorter median latency period. Nonetheless, there is wide variation and substantial overlap in the latency period between radiation and the development of either an AVL or an angiosarcoma. Thus, while AVL have a shorter median latency period, this is not a reliable discriminator between AVL and angiosarcoma.
The histologic findings of the current case warrant particular attention. These features highlight the overlap between AVL and angiosarcoma, and are suggestive of a biologic relationship between these entities. Both the original and the subsequent descriptions of AVL noted a number of features useful in the distinction between AVL and angiosarcoma [4] [8] . AVLs were circumscribed lesions and typically lacked involvement of the subcutis, intraluminal red blood cells, extravasated blood, significant atypia, multi-layering, prominent nucleoli and mitotic activity. Relative to angiosarcomas, AVLs were more likely to exhibit areas of chronic inflammation. In this case, in both the biopsy and final excision, the histologic findings were almost entirely in keeping with those typically associated with AVL. The lesion consisted of a haphazard arrangement of thin-walled vessels that lacked the typical features of angiosarcoma. The sole histologic parameter that favored a diagnosis of angiosarcoma was the diffuse, infiltrative nature of the lesion. It has long been recognized that there is substantial histologic overlap between AVL and angiosarcoma with low-grade histologic features. In this case, the distinction required a wide excision, in which the most significant parameter (infiltration) was apparent.
In addition to infiltration, there was other evidence for a diagnosis of malignancy in the form of immunohistochemical and in-situ hybridization showing MYC amplification. In the past several years, MYC amplification has received considerable attention as a diagnostic marker of post-irradiation angiosarcoma [11] . Newer data, however, suggests that MYC amplification can be seen in both post-radiation and de novo angiosarcoma [12] [13]. Conversely, MYC amplification is not an invariable feature of either primary or secondary angiosarcoma, so its absence does not exclude the diagnosis. Nonetheless, in reports to date, MYC amplification has consistently been associated with malignancy, and is reportedly a reliable discriminator between AVL and radiationassociated angiosarcoma [14] . The current case showed areas with MYC amplification, a feature helpful in arriving at the diagnosis of angiosarcoma. However, abnormal MYC amplification and over expression were only detected in small population of the lesional cells. This heterogeneity in MYC amplification could have significant implications for the biopsy diagnosis of AVL, suggesting that negative FISH or IHC detection might not completely exclude the diagnosis of angiosarcoma.
Another immunohistochemical feature worth noting in the current case is the lymphatic immunophenotype of the atypical vascular proliferation. AVLs have been classified as lymphatic or vascular types principally on the basis of immunophenotype, with the lymphatic-type AVLs (ltAVL) representing the majority, and expressing D240 [9] . In a large series, those with a lymphatic phenotype behaved less aggressively than those with a vascular phenotype [7] . The lesion in this case showed a lymphatic phenotype and thus, on the initial biopsy, would have been classified as an ltAVL. On this basis, the lesion may have been predicted to behave less aggressively. However, while of potential use in the subclassification of AVLs, D240 is less useful in distinguishing AVL from angiosarcoma, since angiosarcomas may express D240 [15] . Thus, D240 staining does not seem to constitute strong evidence that the angiosarcoma arose from a ltAVL. Other features of the case, however, lead us to favor this type of progression. The histomorphology was indistinguishable from AVL throughout the entirety of the lesion. Moreover, MYC amplification, strong evidence in favor of malignancy, was only observed focally. All of this is suggestive of an angiosarcoma arising in an AVL, or AVL-like lesion. This would be consistent with other reports that cite angiosarcomas arising from an AVL [7] .
Conclusion
We have presented a case of angiosarcoma that we feel, based on histomorphology and the focal nature of MYC amplification, is suggestive of anangiosarcoma arising from an atypical vascular lesion. It also serves as an important illustration of the substantial morphologic overlap of histologically low-grade vascular lesions. It is important to bear this in mind, especially in the context of a large lesion that is only sparsely sampled in a core biopsy. In a lesion that is clinically large, or in which the microscopic features (e.g. diffuse growth pattern) suggest a larger lesion than that seen clinically, one should be extremely cautious with a diagnosis of AVL, even in the context of negative MYC IHC or FISH studies. In the current case, evidence for malignancy was subtle and focal, and only evident upon wider excision. Care must be taken to avoid a misdiagnosis of angiosarcoma as AVL since this could have major therapeutic and prognostic significance.
